. The purpose of this investigation was to evaluate the cardiovascular responses to rowing. In the first part of the study, heart rate (HR) and cardiac output (Q) were measured at rest and at three steady-state exercise levels on the variable-resistance rowing ergometer in 10 female and I 1 male subjects. Q was determined noninvasively by the equilibration method of CO2 re-breathing, and stroke volume (SV) was calculated. Subjects varied in rowing ability from healthy, inexperienced rowers to competitive athletes. The linear relationships between Q and oxygen consumption for the women ( r = 0.57; P < 0.001; slope = 5.2 + 1.1) (mean & SD) and the men (r = 0.58; P C 0.001; slope = 6.1 k 1.4) were similar to published values for other types of upright exercises. For both men and women, SV increased from rest to the first level of exercise, and then reached a plateau at or before the second exercise intensity. Between the second and third levels of exercise, SV decreased significantly in the female subjects (107 + 18 vs 94 2 16 ml; P C 0.05), but not in the male subjects (1 28 + 1 I vs 126 + 15 ml; P = not statistically signilicant).
increased from rest to the first level of exercise, and then reached a plateau at or before the second exercise intensity. Between the second and third levels of exercise, SV decreased significantly in the female subjects (107 + 18 vs 94 2 16 ml; P C 0.05), but not in the male subjects (1 28 + 1 I vs 126 + 15 ml; P = not statistically signilicant).
In the second part of the study, HR, Q, and SV were compared on the cycle and rowing ergometers on successive days in eight additional subjects. At similar levels of oxygen consumption and Q, HR was significantly higher, and SV was significantly lower during rowing exercise than with cycle exercise. These results demonstrate that the cardiovascular responses to rowing are different from upright cycle exercise. There was a greater reliance upon the increase in HR than the SV response to increase Q during rowing than during cycling.
CARDIAC OUTPUT, C02 RE-BREATHING, STROKE VOLUME, ROWING ERGOMETER, CYCLE ERGOMETER During progressive incremental exercise, heart rate (HR) and cardiac output (Q) increase linearly while stroke volume (SV) usually reaches a plateau at approximately 40% of maximal oxygen consumption (VO~,,,) (2, 3, 8). However, different absolute values for these cardiovascular variables have been observed depending on the specific physical activity (5-7,9, 12, 17,2 1, 23). For example, VO~,,, and peak Q are significantly higher with exhaustive exercise on the treadmill than on the cycle ergometer in the same individuals (12, 17, 2 1). These differences in exercise responses may be due, at least in part, to the specific biomechanics of the particular type of exercise.
The sport of rowing involves rhythmic contractions of both upper and lower extremities, as well as the back values during exercise on the cycle and rowing ergometers has shown conflicting results (7, 19) . However, in a recent study, VOZ,,, was found to be significantly higher on the cycle ergometer than on the rowing ergometer in collegiate rowers, but was the same in untrained subjects (1). Furthermore, HR was higher at similar levels of oxygen consumption (~0~) during rowing than with cycling (1). These findings suggest that the cardiovascular responses to rowing may be different than cycling and raise the question whether the cardiovascular system might potentially limit rowing performance.
The purpose of this study was two-fold; i) to describe the cardiovascular responses to rowing; and ii) to compare Q, HR, and SV during rowing and cycling. These two objectives allowed us to evaluate the hypothesis that cardiovascular variables during rowing were quantitatively different than upright cycling. We measured Q non-invasively by the C 0 2 re-breathing method to investigate this question.
METHODS

Subjects.
A total of 21 subjects (1 1 male and 10 female) participated in the first part of the study (Table  1 ). All subjects were in good health and had no history of cardiorespiratory disease. Pulmonary function tests and a 12-lead electrocardiogram were normal in all participants. Many, but not all, of the subjects exercised daily and varied in rowing ability from no experience to competitive athletes.
Eight male subjects participated in the second part of the study, which compared the cardiovascular responses between cycle and rowing exercises (Table 1) .
Individuals were selected based on a boZmax on both the cycle and rowing ergometers greater than 3.5 1. min-I, and ~0~ at the anaerobic threshold, measured non-invasively by ventilatory changes (24), greater than 2.5 1-min-' . These criteria were established so that three different levels of sub-maximal steady-state exercise could be maintained for 10 to 12 min to measure Q.
